and heat production by brown adipose tissue (9, 23). Cyclic AMP is believed to be involved in the activation of lipolysis by noradrenaline (NA) (4, 17, 19 ). An early effect of NA on the brown fat cell is membrane depolarization (10, 12, 14, 25) . The relation of depolarization to lipolysis, however, is not clear. By analogy to the stimulus-secretion coupling concept of hormones and neurotransmitter action (5), the membrane depolarization or a related ion flux might be a necessary step by which NA activates lip01 ysis. Alternatively, depolarization may represent an increased membrane permeability which is important in energy utilization (10, 12, 13) but not related to the stimulation of lipolysis. Analysis of possible relations between membrane depolarization, cyclic AMP, and lipolysis requires measurement of these parameters in the same preparation under similar conditions.
We have studied these relations in brown fat taken from young rats because the tissue is functionally important at this time (11, 12 Ninety-five percent 02 + 5 % CO2 was the gas phase, and flasks were shaken 60 times/min in a water bath at 37°C. In all cases the tissue was preincubated 1 h and then transferred to a new flask for specified incubations. When the K+ or Ca++ concentration of the medium was altered, the Na+ concentration was varied accordingly to maintain osmolarity. Noradrenaline was made up as a 10-a stock solution in .Ol M HCl, kept at ZOC, and added as a ZO-~1 aliquot at 100 times the required final concentration.
Other reagents were dissolved directly in KHB. For determination of cyclic AMP levels, each fat-pad was divided between three or four flasks providing 15-25 mg tissue per flask. At the desired time, tissue was quickly homogenized in 0.5 ml of cold 50 % glacial acetic acid and centrifuged for 5 min at 10,000 g. Aliquots of the clear middle phase were dried overnight at 80°C and assayed for cyclic AMP by the method of Gilman (8). Cyclic AMP-3H (Schwartz/Mann, 25 ml/mmol) was used at a concentration of 10 nM with nonradioactive cyclic AMP added to give a standard curve from .5 to 15 pm01 cyclic AMP. Cyclic AMP added to the tissue assay tubes was quantitatively recovered while cyclic AMP activity was destroyed by incubation with phosphodiesterase.
Glycerol released into the medium was determined after a 1 -h incubation by the method of Garland and Randle (7) were active using brown adipose tissue from young rats. Table  1 shows that noradrenaline, dibutyryl cyclic AMP (DBC), and theophylline stimulated glycerol release but that glucagon and a lo-fold increase in the concentration of K+ in the medium had no effect. The latter are in contrast to findings in brown adipose tissue taken from adult rats ( almost instantaneous (< 15 s) and sustained depolarization of brown adipose tissue cells of young rats. Figure 1 shows the concentration response relation for glycerol release and membrane depolarization in response to NA. Significant depolarization was seen at 3 X 10s8 M NA while glycerol release required 1 X 10 B-7 M NA. For concentrations of NA greater than 10 -' M, however, the curves are essentially parallel. Figure 2A shows that theophylline also depolarized brown adipose cells but that the onset is slower than that produced As 2 mM DBC 'was almost as potent as 10B6 M NA in inducing glycerol release, its effect on the membrane potential was studied. Figure 2B shows an example of an experiment with maximum DBC-induced depolarization. The depolarizing response was somewhat more variable than that observed with NA but was always seen. In five experiments depolarization of 12, 11, 26, 26, and 28 mV was measured with the mean potential after exposure to DBC being 30.4 =t 5.1 mV. In all cases the depolarization occurred much more slowly than that seen in response to NA and was more comparable to the results with theophylline. These effects are unlikely to be due to butyrate liberated from DBC (see Table 3 ). Glucagon at 10 pg/ml had no effect on the membrane potential. While all agents which stimulate lipolysis depolarized the brown fat cell, the converse was not true. In the previous paper (25) a lo-fold increase in the medium concentration of K+ was shown to depolarize brown adipose cellscomparably with NA. However, a comparable increase in K+ was found not to stimulate glycerol release (Table 1) . Reducing either the Na+ or the Cl-content of the medium only slightly increased glycerol release, yet both procedures depolarize the brown fat cells comparably to NA (Table 2) . It should be noted that in both cases the normal lipolytic response to NA was unaltered. Since dibutyryl cyclic AMP induces glycerol release and NA increases cyclic AMP levels in brown adipose tissue from mature rats (4,-20), we looked at cyclic AMP levels in brown fat from young rats. Figure 4 shows that cyclic AMP levels ' J. A. WILLIAMS AND E. K. MATTHEWS were rapidly increased only in the simultaneous presence of both NA and theophylline. Maximum levels are seen at 2.5-5 min followed by a decline. NA alone produced a slight but statistically significant effect on cyclic AMP levels while 3 mM theophylline was without effect. In the study shown in Fig. 5 , however, 10 mM theophylline alone did increase cyclic AMP levels. Figure 5 shows the effect on cyclic AMP levels of varying the concentrations of either NA or theophylline, each in the presence of a constant concentration of the other. These curves can be interpreted as showing the ability of NA to activate adenyl cyclase, and of theophylline to inhibit phosphodiesterase. [ and fatty acids on the membrane potential were studied. Figure  6 shows examples of depolarization induced by m-chlorocarbonylcyanide phenylhydrazone and octanoate with statistical results for these compounds plus dinitrophenol and butyrate given in Table 3 . Except in the case of butyrate, the depolarization was similar in magnitude to that induced by lo-6 M NA and recovery was slow. These uncouplers did not stimulate glycerol release or increase cyclic AMP levels.
As the respiratory inhibitor cyanide has been reported to inhibit lipolysis in brown fat (17) but has no effect on the membrane potential (25), its effect on cyclic AMP levels and glycerol release were studied. Table 4 shows that cyanide did largely inhibit the response to NA or DBC but that this was superimposed on an increase in basal glycerol release. Cyanide reduced basal cyclic AMP levels by 25 % and inhibited the response to NA by about 50 %. The effects of Ca++ and Kf on cyclic AMP formation and glycerol release are shown in Table 5 . While preincubation and incubation in Ca ++-free medium produced only a slight Cyanide was studied as it has been reported to block lipolysis (17) and yet had no effect on the membrane potential or NA-induced depolarization (25). When tested on brown adipose tissue from young rats, however, cyanide was found to increase basal glycerol release as well as reduce the NA-stimulated increment (Table  4) . If this cyanideinduced glycerol release results from physiological lipolysis, this represents a dissociation of depolarization and lipolysis. Caution must be used, however, in interpreting the effects of such an inhibition.
The present results in particular emphasize the important differences between brown adipose tissue from young and mature rats. In contrast to the NA-stimulated, cyclic AMPmediated lipolysis which is present in young rats, glucagon and high K+ did not stimulate lipolysis in young rats compared with mature rats. This lack of glucagon responsiveness is probably related to the lack of glucagon-sensitive adenylate cyclase (22). Another difference possibly explained by maturation is the present finding that DBC, fatty acids, and uncoupling agents depolarize brown adipose tissue from young rats in contrast to the findings of Girardier et al. (10) 
